The quantification of a chemical species isolated in natural waters does not allow the characterization of it as an environmental stressor. Therefore, it is necessary to associate different lines of research that allows the evaluation of risk on the water system. In this perspective, this study carries out approaches based on distinct research lines, allowing physical and chemical quantification in situ, determination of nutrient concentrations, chlorophyll-α, total alkalinity and metallic species (Cu, Ni, Fe, Cr, Zn and Pb). In addition, the dissolved organic matter was evaluated by means of spectrophotometric techniques and testing of acute toxicity with the organism Artemia sp. and Daphnia magna in water samples from the Barigüi River, southern Brazil. The results point to the existence of degradation processes and the input of organic matter that are affecting the dynamics of the species, influencing their chemical availability and toxicity in the water system.
Due to their ability to dissolve and entrain compounds, natural waters attach to geological characteristics and are influenced by the type of human activity in the river basin [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Among the components that contribute to water systems, the following stand out: particulate matter, nutrients, organic matter and metal species [12, 13] .
In urban water systems, the concentrations of metallic species, nutrients and organic matter are, in general, several times higher than levels found in other stretches of a nonurbanized river, and may express significant damages to the ecosystem [14] [15] [16] [17] [18] [19] . Metallic species differ from organic pollutants because they are not degradable and may accumulate in organisms and environmental compartments influencing their toxicity [20] [21] [22] [23] [24] [25] [26] [27] [28] .
The chemical availability of metallic species in natural waters is not only related to their abundance, depending on a complex combination of factors, such as: solubility, affinity for suspended solids and susceptibility to complexation processes in organic compounds [29, 30] . Other compounds, when present in higher concentrations, in relation to the background may cause deleterious effects on the environment, such is the case of nutrients such as phosphorus and nitrogen and organic matter that may lead to eutrophication processes in the water system [19, 30, 31] .
These chemical species are important in the functioning of aquatic systems, but can also act as environmental stressors [32] . The term 'environmental stressor' is used herein to describe any chemical species that may induce adverse effects on individuals, populations, communities or ecosystems [33] . The risk assessment associated with the presence of these chemical species can be understood as a process that characterizes the likelihood of adverse ecological effects that may occur or that are occurring in a medium as a result of exposure to one or more stressors [34] [35] [36] [37] [38] [39] [40] .
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The toxic potential of chemical agents of different characteristics in complex mixtures such as urban waters can be better evaluated through the association of acute environmental toxicological tests with representative species [41] . The evaluation of the toxicity of chemical species to different reference organisms makes it possible to evaluate the momentary environmental condition of the water bodies [42, 43] .
Thus different lines of research should be employed in the study of natural waters to evaluate their environmental quality [44] . This perspective of integration is expressed by Resolution 357 of 2005 [45] that establish quality standards for different chemical species.
Thus, this study focuses on the potential risk associated with the urban waters of the Barigüi River, Curitiba metropolitan region, South of Brazil. The following experiments were carried out: (i) physical-chemical characteristics in situ, using a multiparameter device (Hydrogenation -pH, redox potential -Eh, dissolved oxygen -OD, turbidity -UNF, total dissolved solids -TDS, electrical conductivity -EC, resistivity -Ω); (ii) in the determination of ammonia concentration by electrode ion selective method 4500N [46] ; (iii) ortho-phosphate method 4500PC [46] ; (iv) total phosphorus by the 4500P method [46] ; (v) chlorophyll-á by the method L5.306 [47] ; (vi) determination of total alkalinity using the 2310B method [46] ; (vii) characterization of the organic matter dissolved by Molecular Absorption Spectroscopy in the UV-Vis region and Molecular Fluorescence Spectroscopy; (viii) in the quantification of the average concentrations of metallic species via protocol 200.2 [33] by Atomic Absorption Spectrometry with Flame Atomizer (FAAS) and (ix) performing acute toxicity tests with the microcracks Arthemia sp. According to N-2588 and Daphnia magna [42] .
Experimental part Material and methods Study area
Located in the metropolitan region of the city of Curitiba, southern Brazil, the Barigüi River has an extension of 66 km [48] . The occupation of the region upstream of the river, in the municipality of Almirante Tamandaré (25 °2 2'49.5 "S and 49 ° 18'03.7" W), is predominantly rural but small dispersed urban centers occur. polypropylene bags of 3 L, double closed with ties, identified with internal and external tags and stored in icebox until the arrival at the laboratory [53, 55] . The samples destined to the characterization of organic matter were the same, differentiating from the one collected in stainless steel bucket and storage in amber bottles with lids, of 1 L.
All the chemical reagents used in the study had analytical grade and the solutions were prepared with ultrapure water from the Milipore Direct-K 8UV apparatus using clean glassware in bathing systems. Samples were handled on granite countertops, previously cleaned and covered with paper towel, with spatulas and disposable polythene gloves with no powder. Materials such as filtration membranes (cellulose acetate and/or glass fiber) were handled with the aid of plastic tweezers.
Parameters in situ
During the sampling campaigns physical and chemical parameters were quantified in situ with the Hanna HI 9829 multiparameter equipment, namely: Dissolved Oxygen, Temperature, Resistivity, Conductivity, Dissolved Solids Content and Redox Potential. The electrodes HI 7609829-2 (DO), HI 7609829-1 (PH/ORP), HI 7609829-4 (EC/ Turbidity) brand Hanna were used, calibrated with standard solutions recommended by the manufacturer.
Determination of ammonia in water samples
The concentrations of ammonia established via 4500 N protocol [46] were obtained from aliquots of 25 mL of water from the environmental samples. The analytical curves were built from standard ammonia solution (4001-03 Hanna) at concentrations of 0.10; 0.20; 0.50; 2.00 and 4.00 mg L -1 . The obtained equation of the straight line and correlation coefficient were (y = -26.6 lnX-64.4; R² = 0.99).
Determination of phosphorus in water samples
The quantification of the orthophosphate fractions (P Ort ) was carried out by the ascorbic acid method, according to 4500 PC protocol [46] . The quantification of total phosphorus (P Tot ) followed the methodology of acid digestion and heating for conversions of all forms of phosphorus in orthophosphate, according to protocol 4500 P [46] .
The analytical curve was carried out by diluting a standard phosphate solution (50 mgP. L -1 ). Samples were prepared in triplicate with addition of 10 mL of the sample in test tubes and the quantification was carried out in a Varian spectrophotometer (model Cary 50) at wavelength of 890 nm, the absorbance being directly proportional to the concentration of phosphorus.
The analytical curve was prepared for ortho-phosphate at concentrations: 0.1; 0.2, 0.3; 0.5 and 0.9 mg L -1 and presented the following equation of line and correlation coefficient: y = 625.42x -0.01 (R² = 0.99). For Total phosphorus quantification, the analytical curve was prepared at concentrations of 0.1; 0.2, 0.3; 0.5 and 0.9 mg L -1 and presented the following line equation and correlation coefficient y = 605.9x -0.02 (R² = 0.99).
Determination of chlorophyll-α in water
Chlorophyll-α was determined by spectrophotometric method according to protocol L 5.306 [47, 56] . The readings were obtained in a Varian brand molecular absorption spectrometer (model Cary 50) in quartz cuvette, with optical path of 1 cm.
Determination of the Trophic State Index
The Trophic State Index (TSI) assesses water quality for nutrient enrichment and its effect related to excessive In the middle portion of the river, in the municipality of Curitiba, is located the district of Santa Felicidade (25°2 4'37.4" S and 49 o 18'24.7" W), a region of high urban occupation, with several commercial and ser vice establishments. The downstream region, in the municipality of Araucaria (25° 33'20.56 "S and 49° 20'32.70" W), has industrial dominance, in it is located the Industrial City of Curitiba, part of the Industrial City of Araucaria and one of Petrobras' oil refineries [49, 50] . These industrial zones have attracted a number of regular and irregular urban occupations, small metallurgists and service providers that add complexity to the area [49] [50] [51] .
Sampling, preservation, reagents and solution preparing
The water samplings followed clean technique protocols [52] and were carried out in two sampling campaigns in the year 2014. All the collection and storage containers went through preparation processes in systems of detergent baths 10% by 24 h , three washes with distilled water, followed by a 10% nitric acid bath for 24 hours, with five washes with ultrapure water and drying at room temperature [53] .
The procedures for collecting water were always performed by two people (dirty hands approach to clean ones), where one is responsible for the handling of materials that come in direct contact with the samples and the other handles the materials destined to receive the sample [54] .
The samples of water intended for analysis of metallic species, nutrients, chlorophyll-α, total alkalinity and acute environmental toxicological tests were collected with polypropylene buckets and stored in large mouth bottles with a lid of 1 L polypropylene, both acclimatized with water from the environment. The samples were deposited in algae growth [47] . The following equations allow us to calculate the Trophic State Index (TSI), where they classify the environments according to their trophic degree: TSI will be the simple arithmetic mean of the indexes relating to total phosphorus and chlorophyll-α, according to the equation:
where:
TP is the total phosphorus concentration CC is the concentration of chlorophyll-α, both in (µg L -1 ).
Determination of total alkalinity in water samples
The total alkalinity of the samples was carried out in triplicate by the titulometric method according to protocol 2310B [46] , where the water sample (100 mL) is titrated with hydrochloric acid solution.
Characterization of organic matter in water samples
To characterize the organic matter, the samples were filtered on a cellulose acetate fiber membrane (0.45 µm) and sent to a quartz cuvette, with a 1 cm optical path, generating molecular fluorescence spectra in the Varian model Cary equipment Eclypse 50. The scan comprises the range of 200 to 800 nm wavelength.
Molecular fluorescence scanning on emission modality was performed at 200 to 800 nm, with excitation wavelength of 315 nm, 5 nm slit. The synchronized modality was performed from 200 to 800 nm with ∆λ = 18 nm.
Determination of metallic species in water
The analysis of the metallic species for Cu, Cr, Pb, Zn, Fe, Ni elements was performed using the Atomic Absorption Spectrophotometer (FAAS) brand GBC (Avanta model) via protocol 200.2 [57] . All the analysis was performed in quintuplicates and to determine the quality of the analytical process, the figures of merit that were determined: Limit of Method Determination (LDM), Precision and Accuracy [58, 59] .
Acute environmental toxicological tests
The acute toxicity tests were carried out with the microcrack Artemia sp., grown according to methodology 821 R02-12 [60] . The assay consists of the exposure of nauplii (phase I and phase II) to different concentrations of the sample, for 24/48 hours, and real estate counting [61, 62] .
Another acute toxicity test was carried out with the micro-crustacean Daphnia magma, considered ideal for freshwater due to its sensitivity [63] . The essay consists in exposing young individuals (up to 26 hours of life) for a period of 24 to 48 h at various dilutions of a sample, with subsequent evaluation of the effect on the swimming ability of organisms [64] .
The results expressed by the initial effective concentration that causes effect in 50% of organisms (EC-50), determined by statistical methods. The sensitivity of organisms is tested through periodic testing of reference substances and the use of control charts [64] .
Results and discussions Parameters in situ
The results of average concentrations of the physical and chemical parameters are presented in table 1. In it, one can notice different behaviors for the redox potential, having a reducing character in (A) and oxidant for the other points, which influences the behavior of partition of the species, because in oxidizing environments corrosive processes are facilitated [65] .
One can also observe a higher influence of dissolved solids and higher turbidity values in (A), which may be associated to a higher input of particulates in the region, Table 1 PHYSICAL AND CHEMICAL PARAMETERS OBTAINED IN SITU since water turbidity is related to the attenuation of intensity that a light beam suffers when crossing it due to the presence of suspended solids [66] . Also in (A) it is noticed that the concentrations of dissolved oxygen are inexpressive (smaller than the limit sensitivity of the sensor HI 7609820-OD, brand Hanna, that is of 0.01 ppm), characteristic of reducing atmospheres, representing an anaerobic environment favorable to the presence of species such as: sulfides, nitrates and other reduced species, such as manganese II and iron II [67] . The more intense electrical conductivity in (A) expresses the greater presence of ions dissolved in relation to the other points, whose input may be related to anthropogenic actions. The hydrogenion potential (pH) differs in the three regions and values vary around pH = 7 and tend to influence reaction and oxidation reactions in chemical species.
Goncalves [47] found pH values ranging from 5.8 to 7.5; Dissolved oxygen ranging from 0.4 to 5.6 mg L -1 ; the conductivity of 285 to 590 mS/cm and the turbidity of 7 to 32 FNU for the same environments of the Barigui River. Resolution 357 of 2005 [24] presents as references and dissolved oxygen 4 mg L -1 for rivers of class III. In this sense, (A) presents values of dissolved oxygen lower than those legally required.
The multivariate canonical correspondence analysis (CCA) carried out in the free software PAST version 3.18 verified the influence of the physical and chemical data obtained with the multiparameter equipment in relation to the different sampling points in the Barigui river. In this study the data were nomadic by the function: (log X) + 1.
Since x is the physical and chemical variable taken in situ. The CCA focuses on the generation of a unimodal axis in relation to the variable responses, whose results allow the interpretation of characteristics linked to environmental quality (fig. 2) .
The canonical correspondence analysis showed higher correspondences between the sampling points of Santa Felicidade (SF) and Almirante Tamandare (AT) in relation to the physical and chemical parameters Dissolved Oxygen, pH and Eh.
Determination of total alkalinity, nutrients and chlorophylla in water samples
The determination of total alkalinity, ammonia, orthophosphate, total phosphorus and chlorophyll-α in the water column were carried out in triplicate (table 2) . In this study, one can see the highest acid buffering capacity in the Araucaria system (A) evidenced by the most significant presence of carbonates quantified by total alkalinity. This value may be associated to organic matter decomposition processes, the lower rate of respiration of microorganisms with release and dissolution of CO 2 in water [67, 68] .
The average concentration of ammonia at sample point (A) is higher than that established by the CONAMA [44] resolution 357 of 2005 (5.1 mg L -1 ). It is possible to emphasize the less expressive value in (SF) and (AT). This result may represent the contribution of organic matter due to effluent discards in (A).
The Barigui River, Carvalho et al. [69] (2013) presented total alkalinity values ranging from 156.8 to 212.8 mg x L -1 CaCO 3 . In the study by Scheffer [70] found 133 mg x L -1 CaCO 3 for the same environment. It should be noted that Fritzsons [71] states that the alkalinity in most Brazilian rivers is between 30 and 500 mg x L -1 CaCO 3 .
Schnitzler (2008) found 10 mg x L -1 of ammonia and Carvalho et al. [69] found average concentrations of orthophosphate varying between 0.052 and 0.074 mg x L -1 in samples of waters from the Barigui River. In alkaline conditions, the predominance of ammonia in free forms is more deleterious to aquatic organisms. In addition, the ammonium ion in hypoxic conditions can be seen as an indicator of the effluent input to the water system [29, 72] .
The average concentration of orthophosphate is distinct at the sample points, with the most expressive results in (SF)and (AT). However, when evaluating the concentrations of total phosphorus, a reversal of the condition is observed, that is, the average concentrations are more expressive in ( This result indicates that the presence of phosphorus, mostly bound to organic fractions and due to the presence of domestic and industrial effluents. Chlorophyll-α concentration indicate predominance of algal growth in regions (A) and (AT). However, in general, they are well below the 60 µL -1 limit established by Resolution 357 of 2005 [45] .
Trophic state index
The result obtained allows the environments to be classified in mesotrophic (SF), eutrophic (AT) and Supertrophic in (A), demonstrating unnatural nutrient inputs to the water system ( fig. 3 ). 700 nm with fixed wavelength at 330 nm, considered the point of greatest absorption [76, 77] (fig. 4 ). The trophic classification of these environments through the EIT suggests a strong anthropic influence on the input of nutrient chemical species, which reflects in terms of biological responses on primary productivity and that can trigger eutrophic processes mainly on the sample point of Araucaria (A).
Characterization of dissolved organic matter
The spectra presented distinct bands with reduced absorptivity with increasing wavelength. The ratio of absorbances at different wavelengths can characterize the organic matter (table 3) .
The E250/E365 ratio (250/365 nm) is inversely proportional to the molecular size at the ratio E300/E400 (300/400 nm) indicates the degree of humification and the ratio E465/E665 (465/665 nm), is characteristic of different fractions of organic matter or humic substances obtained from different sources [73] [74] [75] .
The results point to a reduction of the absorptivity with increasing wavelength, where the intensity of absorption varies for the three regions, being more expressive in (A) > (AT) > (SF) and defined by the absorbance ratio A250/ A203. With the absorbances ratios it can be inferred: (i) that organic compounds in Araucaria (A) can be related to shorter formation chains (E250/E365); (ii) The relation (E300/E400) is associated to the predominance of fulvic humic substances, which have greater facility for metal species complexation; (iii) The relation (E465/E665) shows that the dissolved organic matter in the Araucaria region (A) can be differentiated from the others.
The molecular fluorescence technique (emission modality) was used to characterize the organic matter dissolved in the samples of the Barigüi River. The spectrum scanning was performed in the range between 200 and Note that the emission spectra were very similar, indicating the similarity of the organic matter in the study regions. The high intensity of fluorescence at 375 nm is due to the resonance effect resulting from the incident radiation, differences are observed in the maximum intensities in the regions of 425 and 475 nm for (SF), (AT) and (A) that cannot be associated with expressive concentrations of dissolved organic matter without the association of dissolved organic carbon concentrations.
The molecular fluorescence technique (synchronized modality) was applied in the characterization of organic matter dissolved in water. The excitation and emission wavelengths are simultaneously monitored with a constant interval between them, where ∆λ= λemissionλexcitation.
Thus the scanning occurred between 250 and 700 nm with ∆λ= 18 nm. In figure 5 , molecular fluorescence spectra can be observed, these are similar for the samples, at the 275 nm, 325 nm and 400 nm bands were the most pronounced.
The fluorescence intensities in synchronized mode at 275 nm may be associated with the presence of aromatic amino acids and volatile acids that have a highly conjugated aliphatic structure, the intensity at 330 nm may be related to the presence of compounds such as naphthalene and derivatives, as well as the intensity at 400 nm is associated with the presence of aromatic polycyclic structures formed by about five conjugated rings [76, 77] .
Determination of metallic species
Analyzes shows the average concentrations of the metal species in the total fraction, as well as the figures of analytical merit (table 4) .
Lead concentrations at sample points are higher than the threshold defined by resolution 357 of 2005 [45] . These values can be associated to the species input, since in these regions there are industrial activities with the presence of materials casting, fertilizer production and pesticides, representing an important impact on the environment.
Acute Environmental Toxicity Testing
In the acute toxicity tests with the organism Arthemia sp., the negative control was performed in artificial marine water, in the presence of ten organisms and presented survival of 100% of the organisms. The positive control was done with the reference substance sodium dodecyl sulfate (SDS), in different concentrations, in the presence of ten organisms. All assays were performed in triplicate ( fig. 6 ).
According to the validity criteria of the N-2588 standard (Petrobras, 1996) , the test result was accepted because there was no evidence of mortality above 10% in the negative control of the test organisms. For the positive control, the LC50 value of the toxic reference substance (SDS) in the first 24 hwas in the concentration range between 13.9 and 30.9 mg L -1 .
The acute toxicity tests with the microcrystalline Artemia sp., resulted in low rates of immobility of the organisms at all concentrations investigated, not allowing the establishment of the LC 50 in both 24 and 48 h( fig. 7) . These results suggest the absence of a toxic effect on the organism Artemia sp. In order to perform the acute toxicity tests with the organism Daphnia magna, they were processed following the criterion of inhibiting the swimming capacity of organisms in static systems with temperature control and BOD greenhouse luminance according to methodologies proposed by Knie & Lopes [42] .
Preliminary tests were initially carried out with 10 organisms and counted after 48 h of assay to evaluate the range of organism responses in relation to the dilution criteria of the samples (table 5) .
In samples of unknown toxic potential, such as natural water samples, this procedure is recommended to only in the metropolitan region of Curitiba, but in much of the south of the country due to its connection with the Iguaçu system. This fact has not been able to raise the attention for greater care by the regional governmental authorities. establish the range that causes immobility in 100% of organisms and dilution in which an effect less than 10% is observed [42] . From the results (table 6), 50 mL aliquots were defined as dilutions for the final assay at concentrations of 100, 75, 50, 25 and 10%.
The results point to the lack of LC 50 in the preliminary and definitive tests, so the sample did not present toxicity to the test organism Daphnia magna. These results are similar to those established in the tests carried out with the organism Artemia sp., and reinforce the need for more in-depth studies with the use of other test organisms of different trophic levels for the monitoring of toxicity at the sampling points.
Conclusions
The distinct behavior of the waters of the Barigui River, mainly in its portion of greater industrialization, allows to classify the sampling point of Araucária (A) as a reducing environment, with a higher contribution of dissolved solids, with low concentrations of dissolved oxygen that is probably being consumed in the degradation of the organic matter input in the region, when compared to the points of Almirante Tamandare and Santa Felicidade. These results in the Araucária region are associated with higher Alkalinity, Ammonia and Total Phosphorus concentrations when compared to the values of the other sampling areas and may be related to processes that influence the primary productivity, organic matter decomposition, respiration rate of microorganisms, release and dissolution of CO 2 in water.
Also, we can classify the environment in Araucaria as Supertrophic presenting differentiation in relation to the presence of humic substances of the other regions. In addition, we can highlight the presence of metallic species in concentrations higher than those recommended by resolution 357 of 2005 [45] .
Although environmental degradation was chemically characterized in the Barigüi River regions, there was no evidence of biological responses in the acute toxicity trials. This suggests the need for further investigations on the environmental toxicity of the water system as well as the use of different lines of study in order to characterize the environmental risk assessment.
The Barigui River is part of the landscape of the metropolitan region of Curitiba in the state of Parana, southern Brazil, being an important tributary of the Iguaçu River Basin, considered to be the largest Parana system with a total of 1320 km and about 70.800 km 2 [49] . At the mouth of the river Barigui, where it joins Iguacu River the average long-term flow of the Barigui River is 4.8 m 3 /s and its minimum long-term flow is 1.4 m 3 /s. Its waters are monitored by the Environmental Institute of Parana (IAP) and present classifications ranging from polluted to heavily polluted to the Integrated Water Quality Assessment method [50] .
The environmental risk associated with the waters of the Barigüi River reflects in environmental problems not 
